1
With the LMM approach, it is flexible to formulate a variety of the random-effect terms 2 specifically for the experimental design and assumption of each study, such as single and multiple 3 random-effect terms, nested, crossed, correlated and uncorrelated random effects 27 . Herein, we 4 examined and compared different formulations of the random-effect terms to model both 5 metabolomics data matrices (adipose and lung samples) in order to explore how different random-6 effect formulas impact on overall performance of the proposed data processing method. We 7 formulated 3 different LMMs for adipose tissue data and for lung tissue data. The LMM formulas 8 are given in the Table S1 . The LMMs were conceived for performance analysis. These were not 9 aimed for biological findings. 10 Table S1 . Linear mixed-effects model formulas used in this study 
12
It can be seen that the PCA score plot of data fitted with any of the LMMs showed better 13 separation between adipose tissue types (or lung cancer status) than the original data ( Figure  14 S1-S2). Prediction performance indices (accuracy, precision, sensitivity and specificity) among 15 different LMMs was not significantly different ( Figure S3 ). They were approximately 95% using 16 adipose tissue metabolomics data and it were about 80% using lung tissue data sets. Comparing 17 prediction performance between the different LMMs and other data processing approaches (M0 18 and ML method) also consistently shows that the proposed LMM method exhibited an 19 improvement over the M0 and ML method for all performance metrics ( Figure S4 and Figure S5 ).
20
These results indicated that, regardless of random-effect formulas used, the proposed data 21 processing method with the LMM approach could improve the explanation of variance in 22 metabolomics data. 23 LMMs to M0 and to ML method. P-values are displayed and significance level was set at p<0.05. 4
Mean values of the performance metrics are shown in each bar with error bars as standard 5 deviations. 6
In addition, we examined the execution duration of the model fitting function to the 6 LMMs 1 using a regular notebook, Intel Core i7 1.80 GHz, 8 GB Ram, 64-bit Windows 10 operating system. 2
The results indicate that the time taken to execute the function is depended heavily on model 3 complexity and the number of metabolite features (Table S2) . 4 
